Summary. Antibodies to egg-yolk semen diluent antigens were isolated from the majority of samples from the vagina, uterus and serum of cows which had received repeated artificial inseminations with semen diluted in egg-yolk diluent. The vagina was the site from which antibodies were isolated most frequently. There was evidence that the titres of antibodies in the genital tract resulted in part, at least, from local antibody production by the vaginal and uterine tissues.
INTRODUCTION
Since Landsteiner (1899) first discovered the antigenic properties of bovine spermatozoa, antibodies to the semen of mice (McLaren, 1964; Edwards, 1964; Bell, 1969a) , rabbits (Edwards, 1960; Behrman & Nakayama, 1965; Menge, 1968; Bell, 1969b) , guinea-pigs (Isojima, Graham & Graham, 1959; Katsh, 1959) and cattle (Menge, 1967) have been found following iso-immunization of the female with semen or testis. The antigenicity of semen varies from species to species and while guinea-pigs (Isojima et al., 1959) and cattle (Menge, 1967) give a good immunological response, prolonged iso-immunization in the presence of adjuvants is necessary to induce antibodies in mice (McLaren, 1964) and rabbits (Edwards, 1960) . Even with cattle, however, chemical adjuvants must be incorporated with the semen or no immunological reaction is found (Kiddy, Stone, Tyler & Casida, 1959) . Fertility is reduced in females showing high serum titres of antibody to homologous spermatozoa following iso-immunization (Katsh, 1959; McLaren, 1964; Behrman & Nakayama, 1965; Menge, 1967 (Bratanov & Dikov, 1959; Sokolovskaja & Reshetnikova, 1968) and in women with a history of unexplained infertility (Franklin & Dukes, 1964; Tyler, Tyler & Denny, 1967) . However, the work of Menge (1967) has shown that natural service of cattle does not elicit an immune response, even in animals presensitized with homologous semen before service.
With artificial insemination (AI) in cattle, the bovine genital tract is exposed not only to iso-antigenic semen but also to highly antigenic proteins such as egg-yolk and skimmed milk, which are routinely used in solution as diluents for the semen. Bratanov, Dikov & Popova (1962) (Murphy, 1967 (Weir, 1967) , were treated with tannic acid before coating with the test antigen. Haemag¬ glutination inhibition tests were carried out using soluble antigen, in order to confirm the specificity of the reaction. Untreated 'tanned' cells and negative sera were used as controls. Sperm agglutination tests were carried out using the microscopic technique of Kiddy et al. (1959) and the macroscopic agglutinationin-gel reaction of Kilbrick, Balding & Merrill (1952) . In the sperm immobiliza¬ tion test (Ashitaka, Isojima & Ukita, 1964) , human serum was used as a source of complement. Negative sera and saline were used as controls in all tests.
In all immunological tests, titres of less than 16 were found with the control samples, so that only titres greater than this were regarded as positive.
RESULTS
In the preliminary study, antibodies to egg-yolk diluent were demonstrated frequently in the homogenates of uterine mucus and biopsy samples taken from the 104 dairy cows. The frequency with which positive titres were found rose concomitantly with the number of services the animal had received before collection of the sample (Table 1 ) . Antibody titres to egg-yolk diluent were A similar comparison was made between uterine and serum titres. Although the antibody titres found in uterine homogenates were lower than those in the vagina, they were also found both in excess and in the absence of serum titres.
Tests were carried out in vitro to determine the effect of these antibodies on semen homologous to that used in the service. Fresh semen and semen which had been diluted and stored in egg-yolk diluent was washed and tested for sperm agglutination and immobilization. Samples which had titres to diluent antigens in the passive haemagglutination test caused mixed agglutination of the spermatozoa which had been stored in egg-yolk diluent but did not have any effect on the semen which was stored and diluted in saline, except for causing non-specific head-to-head agglutination. Immobilization of spermatozoa was not demonstrated using spermatozoa stored in egg-yolk diluent or saline.
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The fertility of forty animals from which samples had been obtained follow¬ ing the first, second or third service was examined in order to evaluate the effect of antibodies to the egg-yolk diluent. The fertility of fifteen animals which had uterine titres following a given service was significantly lower (P^O-05) than the fertility of twenty-five animals in which there were no uterine titres (Table 4) . Uterine titres of antibody to semen were found so infrequently that they could not be associated with the reduced breeding efficiency.
DISCUSSION
Although Bratanov & Dikov (1959) and Sokolovskaja & Reshetnikova (1968) have found antibodies to homologous spermatozoa in the serum of cattle following service, it would appear that semen provides a weak immunological challenge to cattle under these conditions. Chemical adjuvants must be used in conjunction with homologous semen to induce antibodies in cattle under experi¬ mental conditions (Kiddy et al., 1959; Menge, 1967) . Bratanov, Dikov, Radev & Danov (1965 , 1966 have found increased titres of iso-antibodies to sperma¬ tozoa following service of animals suffering from such diseases as latent chronic endometritis or oestrual metrorrhagia, and they suggest that there may be an accelerated absorption of spermatozoa which induces serum titres of antibody with greater facility than in normal animals.
Bratanov et al. (1965, 1966) did not attempt to assess the antifertility effect of the humoral iso-antibodies to semen nor did they establish the significance of such antibodies within the genital tract. Menge (1967) found that, following iso-immunization of heifers with semen, antibody titres could be found con¬ currently in the serum and the uterus, and that there was a direct correlation between the level of titres in the uterus and the breeding efficiency of the host. The extremely low incidence of uterine titres to homologous semen (2-5%), found in the present work, would suggest that under natural conditions, high titres of antibodies to semen are not frequently produced even in animals served repeatedly.
In contrast to this, antibodies to egg-yolk semen diluent antigens were frequently detected in the vagina, uterus and serum of cattle after repeated service by AI. Our results would suggest that these antibodies may be produced locally in the genital tract of cattle and/or in the humoral system, following J. F. T. Griffin et al. service. The important factor is that, irrespective of the site of production, the antibodies may be present within the genital tract and therefore could affect the fertility of the female.
The different agglutination patterns obtained in vitro on testing homologous spermatozoa which had been stored in egg-yolk diluent or saline, with samples which had titres to diluent protein, would suggest that storage of spermatozoa in egg-yolk diluent alters their antigenicity. Under natural conditions, seminalplasma antigens become attached to the mammalian sperm surface as the spermatozoa pass through the male genital tract (Weil & Rodenburg, 1962) . The negatively charged surface of the bovine sperm surface (Veres & Oscenyi, 1968) A reduction in fertility of animals to service with semen diluted in egg-yolk diluent was found in the present work, when uterine titres to diluent antigens were present, as compared with animals showing no titres. From these results, it would appear that the presence of antibodies to egg-yolk diluent in the bovine uterus, is detrimental to the fertility of AI service. Swanson & Hunter (1969) have shown that rabbit antisera to egg-yolk semen diluent alone does not reduce the fertility of semen stored in homologous diluent, when used to treat the semen before insemination. They propose that the presence of these anti¬ bodies within the tissues of the uterus may interfere with fertility.
Preliminary results have shown that the fertility of rabbits to insemination with semen diluted in egg-yolk diluent was significantly reduced in animals which had high titres of antibody to diluent antigen. Ten of eleven rabbits which had uterine mucus titres of less than 64 were fertile following insemina¬ tion, whereas none of seven animals with mucus titres equal to or greater than 64 was fertile. Although a direct correlation was found between antibodies to egg-yolk diluent and infertility, no relationship could be found between reduced fertility and uterine titres to seminal antigens (Griffin, McGilligan, Hartigan & Nunn, in preparation). From our results, it would appear, therefore, that the presence of antibodies to semen diluent antigens in the uterus of cows or rabbits can have an adverse effect on the breeding performance.
